Dear Editor,

Cerebral hyperperfusion (or reperfusion) syndrome is a devastating complication of carotid endarterectomy (CEA) in which brain damage, predominantly vasogenic edema, can be identified in imaging modalities soon after the onset of neurologic symptoms.[@B1] Here we report on a patient who demonstrated focal neurologic deficits immediately after CEA in the presence of normal initial DWI findings and the delayed appearance of regional cortical injury in the ipsilateral hemisphere in follow-up brain MRI.

A 73-year-old man with diabetes mellitus, hypertension, and scattered cortical infarctions underwent CEA for severe stenosis (≥70%) of the left proximal internal carotid artery (ICA). His vital signs remained stable (systolic blood pressure of 95--145 mm Hg) throughout surgery. An intraluminal shunt was not used intraoperatively because the regional cerebral oxygen saturation measured during intraoperative continuous monitoring of cerebral oximetry with near-infrared spectroscopy was stable after clamping the ipsilateral ICA.

Immediately postoperatively he presented with right-sided weakness and impaired comprehension. DWI performed after symptom onset and on the day after CEA produced unremarkable findings ([Supplementary Fig. 1](#S1){ref-type="supplementary-material"} in the online-only Data Supplement). However, the patient exhibited postoperative confusion and irritability, with the systolic blood pressure fluctuating between 80 and 175 mm Hg. Electroencephalography performed on the second day after surgery produced normal findings. CT perfusion performed 4 days after CEA showed significantly increased cerebral blood flow in the left hemisphere relative to that preoperatively ([Fig. 1A](#F1){ref-type="fig"}). The blood pressure was maintained between 130/70 and 150/75 mm Hg from the first postoperative day, while the symptoms of the patient improved thereafter. On the fifth day postoperatively, DWI showed diffuse hyperintense lesions along the left hemispheric cortex on the B1000 map ([Fig. 1B](#F1){ref-type="fig"}), while there were equivocal changes in the signal intensities on the apparent diffusion coefficient and B0 maps in the corresponding area ([Supplementary Fig. 2](#S2){ref-type="supplementary-material"} in the online-only Data Supplement). Brain MRI performed 8 months after left CEA revealed marked atrophy in the left parietotemporal cortex ([Fig. 1C](#F1){ref-type="fig"}). His aphasia further recovered to anomia, but he showed a decline in cognitive function. He scored 15 on the Korean version of the Mini Mental State Examination and 9 out of 30 points on the Korean version of the Montreal Cognitive Assessment.

Delayed cortical injury is an unusual neurologic complication after CEA that probably occurred in the present case after cerebral hyperperfusion or reperfusion. Cortical symptoms occurred a few hours after CEA, while no lesions were found on DWI at least up to 24 hours postoperatively. We found an ipsilateral regional cortical lesion 5 days after the surgery.

The MRI findings in this case are similar to cortical laminar necrosis that is characterized by delayed selective neuronal necrosis of the cerebral cortex and has been reported in hypoglycemic encephalopathy, cerebrovascular diseases, and status epilepticus.[@B2][@B3] To the best of our knowledge, this is the first report of ipsilateral cortical laminar necrosis after CEA. A case of delayed cortical laminar necrosis associated with hyperperfusion syndrome after extracranial-intracranial bypass surgery for a symptomatic intracavernous ICA aneurysm has been described previously.[@B4] In contrast to our case, the lesions in DWI and FLAIR images affected both the cortical and subcortical structures and were already observed on postoperative day 1.

Cognitive impairment occurs in 20--30% of patients who have undergone CEA.[@B5] A study using ^123^I-iomazenil single-photon-emission CT found that postoperative cerebral hyperperfusion was significantly associated with cortical neural loss and cognitive impairment; however, no new lesions were found in serial MRI performed up to 1 month after surgery in patients with postoperative cerebral hyperperfusion.[@B6] Our case shows that regional cortical lesions after CEA manifested later as cortical laminar necrosis, which caused encephalomalacic changes.

The ipsilateral regional cortical injury that occurred in the present case may have been related to post-CEA cerebral hyperperfusion. Clamping of the ICA during surgery could induce transient hemispheric ischemia of chronically hypoperfused brain tissue. However, we did not observe any episodes of hypotension or oxygen desaturation during surgery. The delayed diffuse cortical lesion means that embolism is unlikely to have been the main factor. The pathophysiologic mechanism of delayed cortical injury associated with hyperperfusion/reperfusion after CEA is unclear. The generation of reactive oxygen species with blood reflow might be one mechanism leading to delayed neuronal cell death,[@B7] which was partly supported by a case study in which pretreatment with the free-radical scavenger edaravone reduced the incidence of post-CEA cognitive impairment.[@B8] Progressive cortical neuronal injury might depend on the degree and duration of hyperperfusion/reperfusion after CEA.

Delayed cortical injury is a rare but critical neurologic complication after CEA. Cerebral hyperperfusion or reperfusion could be the mechanism underlying delayed neuronal injury. A better understanding of its pathophysiology would facilitate the appropriate management of neurologic complications after CEA.
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The online-only Data Supplement is available with this article at <https://doi.org/10.3988/jcn.2019.15.3.421>.

###### Supplementary Fig. 1

DWI performed 24 hours after left carotid endarterectomy. The obtained B1000, ADC, and B0 DWI maps were unremarkable. ADC: apparent diffusion coefficient.

###### Supplementary Fig. 2

DWI performed 5 days after left carotid endarterectomy. DWI shows diffuse hyperintense lesions along the left hemispheric cortex on the B1000 map (arrows), equivocal low signal intensities in the left temporo-occipital cortex on ADC map, and subtle high signal intensities on the B0 map in the corresponding area. ADC: apparent diffusion coefficient.

![CTP and brain MRI in a patient with aphasia after left CEA. A: Compared to the preoperative CTP (left panel), CTP on postoperative day 4 (right panel) reveals increased cerebral blood flow in the left hemisphere. B: DWI performed 5 days after left CEA shows diffuse hyperintense lesions along the left hemispheric cortex with a gyral distribution (arrows). C: FLAIR MRI performed 8 months after CEA demonstrates marked atrophy in the left parietotemporal cortex with asymmetric ventricular dilatation. CBF: cerebral blood flow, CEA: carotid endarterectomy, CTP: CT perfusion.](jcn-15-421-g001){#F1}
